Effects of weaning age on blood glucose, ketones, and nonesterifid fatty acids were examined using 16 Holstein heifer calves. Animals entered the study at 6 f 3.5 d of age and were fed 1.8 kg of milk twice daily to 28 (early weaning) or 56 d (late weaning) and a commercial pelleted calf starter from 0 (early) or 28 d (late). Blood was sampled once weekly for 14 wk and analyzed for p-hydroxybutyrate and acetoacetate. Plasma was analyzed for glucose and nonesterifid fatty acids. Blood phydroxybutyrate increased with increasing grain intake and was greater during wk 0 to 4 and 5 to 8 in late. Blood acetoacetate followed trends similar to p-hydroxybutyrate and averaged 23.8 and 16.1 ph4 in calves weaned early and late, respectively. Plasma glucose and nonesterifid fatty acids declined with age and were lower during 5 to 8 wk in calves weaned early. Data suggest that ketone concentrations resulted from alimentary ketogenesis, which increased rapidly after weaning.
INTRODUCTION
Development of mature ruminal function appears to depend upon initiation of dry feed intake. Fermentation of carbohydrates to VFA by microflora in the immature rumen initiates metabolic development of ruminal function. Changes in size of reticdorumen (27, 30), metabolic activity of ruminal mucosa (16, 25) , concentration of ruminal VFA (1, 22), speciation of ruminal microflora (5, 15) , and proportion of bacterial N in abomasal N (22) depend on initiation of dry feed intake.
Much of the literature evaluating development of nuninal function has addressed characteristics associated with size or metabolic activity of the organ. However, fewer data are available regarding effects of maturing ruminal function on metabolism by the animal. Murdock and Wallenius (19) suggested that feeding calves rations to promote elevated concentrations of ruminal butyrate would increase rate of ruminal maturation because butyrate influences metabolic activity of ruminal epithelium. Liver and ruminal epithelium metabolize butyrate to ketones in the mature nuninant (3, 11). These ketones are then released to the general circulation and used for energy by peripheral tissues. Increased ruminal butyrate may increase ketone production, thereby increasing concentration of ketones in peripheral circulation. However, it has not been determined whether developing ruminal function affects blood ketone concentrations in young calves or whether age at weaning may influence utilization of circulating ketones.
The objective of this research was to measure concentrations of ketones, glucose, and NEFA in blood of young calves during the periweaning period and to determine if early weaning and dry feed intake alter concentrations and source of these circulating energy metabolites.
MATERIALS AND METHODS

Animal Assignments and Feed Management
Sixteen Holstein heifer calves were assigned alternately at birth to a completely randomized 1991 J Dairy Sci 74250-257 
RESULTS AND DISCUSSION
Chemical composition of calf starter and hay is in Table 2 . Calf starter averaged 33.5% NDF, consistent with presence of cottonseed and soybean hulls at 8 and 20% of formulation, respectively. Crude protein (18.9%) was slightly higher than that formulated (18%). Alfalfa hay was lower in protein (13.4%) and higher in NDF (59.4%) than typically recommended for calves (6) but reflected limited availability of high quality forage in the Southeast during the 1988 to 1989 drought.
Calves were generally healthy throughout the trial. Twelve incidences of scours, one hernia, two respiratory infections, and one case of bloat were reported. Of scours reported, 11 of 12 cases occurred preweaning; all cases of scours were of minor severity and occurred equally between treatment groups.
Initial and f d BW (Table 3) were similar between treatments and averaged 41.1 and 91.2 kg, respectively. Rate of daily gain was unaffected by weaning age ( nutrients varied by treatment, however. Calves weaned early consumed less milk and more grain than calves weaned late. Hay intake was similar among treatments. Dry feed intake (hay because of increased grain intake ( Table 3) .
Altered s m e of nutrients was imposed as part of treatment; therefore, differences in intake of grain and milk were expected.
Intake of ADF and NDF (Table 3) generally reflected intake of grain and milk according to weaning system. However, calculated intake of TDN and 8 were similar among treatments indicating that animals are capable of regulating intake of energy from solid and liquid feeds even at an early age. Concentration of plasma glucose tended to be lower in calves weaued early (Jk.07) and averaged 85.0 and 90.3 mg/d in calves weaned early and late, respectively, for the 14-wk study. Concentration of plasma glucose by week of study (Figure 1 ) declined significantly with advancing age. Concentrations were typical of nonruminants initially (114.5 mg/d) but reached a nadir at 76 mg/d by wk 9 to 11 of the study. Weekly means reflected intake of feed, especially from wk 3 to 8. Plasma glucose approached concentrations typical of mature plus grain) was greater in calves weaned early Blood PHOB concentration was greater (R.02) in calves weaned early throughout the 14wk trial and averaged 680.4 and 491.1 pil4 in calves weaned early and late, respectively. A significant (R.004) week by treatment interaction indicated that magnitude of differences between treatments varied with time. As indicated in Figure 3 , calves weaned early maintained higher concentrations of blood PHOB during the first 8 wk of the study. Prior to weaning, blood PHOB increased slowly in calves weaned early and then increased markedly from wk 5 to 8. Calves weaned late showed only a slight increase in blood PHOB concentration after dry feed was offered at 4 wk. Blood PHOB increased markedly at 7 to 9 wk, when significant amounts of dry feed were consumed. At wk 9, increased PHOB in blood of calves weaned late resulted in similar concentration between treatments.
Increases in blood PHOB were closely related to availability of calf starter. Cancentration of blood PHOB in early-weaned calves prior to weaning (205.9 pM) likely reflected production of acetate and butyrate in the rumen with subsequent metabolism to it by ruminal epithelium. Both of these VFA are ketogenic in young animals (25 Relationship between blood PHOB and grain intake was not the same for the two treatment groups. For example, calves weaned early consumed .8 kg/d during the 5th wk of the study when blood PHOB concentration averaged 624 pA4. Calves weaned late consumed .72 kg/d during wk 6, but blood PHOB averaged only 232 pil4. Magnitude of difference between ketone concentration on relatively similar grain intake suggests that induction of ketogenesis by ruminal mucosa may result from exposure to dry feed intake. This suggestion is in agnxment with findings of Walker and Simmonds (29) and Manns and Boda (16) , who reported that metabolism of butyrate by ruminal wall of young Iambs increased with age, and presumably, dry feed intake. Sutton et al. (25) reported that metabolic activity of ruminal epithelium is induced by presence of ruminal VFA, especially butyrate. Early grain feeding and consequent VFA production possibly caused an increase in metabolic activity of ruminal epithelium, thereby increasing production of a larger amount of PHOE per unit feed intake.
Blood ACAC content tended to be greater in calves weaned early throughout the 14wk trial and averaged 23.8 and 16.1 JAM in calves weaned early and late, respectively. Concentration of blood ACAC by week of study ( Figure  4) followed by a pattern similar to PHOB, further suggesting that increases in ketone concentration were due to changes in diet associated with weaning. During 0 to 4 wk, concentration of blood ACAC was similar between treatments. During wk 5 to 8, concentrations of cattle. Diurnal variation reported actually may have been in response to feeding. In that study, both groups of cattle were fed grain and hay according to nutrient requirements twice daily; peak PHOB concentrations were reported 3 to 4 h after a.m. feeding, when animals presumably were most hungry (cattle were fed at 0715 and 1615 h) and would have consumed grain most rapidly. It is important to note that calves in the present study were fed grain for ad libitum consumption to a maximum of 2.7 kg/d This intake was not reached in many calves until the last few weeks of the study. Although calves tended to consume some grain immediately after a.m. feeding, consumption of large amounts of grain immediately after feeding was not observed.
Importance of the observed hyperhtonemia is unclear. Although blood ketone concentration indicated potential subclinical ketosis, animals remained healthy, gained weight, and consumed feed in increasing amounts throughout the study. Although not measured, elevated ketones may spill over into urine resulting in a loss of energy. tone body metabolism in young calves, cannot utilize increased ketones produced by increasing feed intake.
CONCLUSIONS
Metabolites in blood of young calves were indicative of events in the rumen and develop ment of ruminal W o n . Blood ketones increased rapidly with intake of dry feed and increased to concentrations indicative of hyperketonemia However, calves were healthy throughout the study. Plasma glucose declined with age and was reduced further by early weaning. Plasma NEFA decreased with week of study and during wk 5 to 8 and suggested that increases in blood ketones were a result of alimentary and not hepatic ketogenesis.
Further work is required to evaluate potential losses in metabolic efficiency due to urinary excretion of ketones and potential management strategies to minimize effects, if any, of hyperketonemia
